Introduction
A man is exposed to electromagnetic fields in his environment. Electromagnetic fields always exist in nature -atmospheric static electric field, the Earth's magnetic static field, the fields of a wide range of frequencies due to the outbreaks in the atmosphere, etc. However, a man is today the most exposed to the artificial field, due to progress in technology and widespread use of electrical devices. Currents, induced by electric field of surface charges are the greatest if external electric field is parallel to the length of the body. Magnetic field induces a currents inside the body as well. Variable magnetic field acting by force on charged particles in the body and creates eddy currents according to Faraday's law. Such induced currents in the low frequency area can stimulate electrically excitable tissues, such as nerve and muscle fibers, through the mechanism of action potential triggering. The area of occupational exposure includes people who are exposed to electromagnetic fields in known circumstances during usual performing of work tasks in and around power facilities, but they are educated to take protective measures and they have all the tools and instructions provided. These people are aware of potential risks and take appropriate protective measures. The environment around the power facility falls within the area of increased sensitivity, which includes people of different ages and health conditions, including those particularly sensitive. In many cases people are not aware of exposure to electromagnetic fields and can not be expected to take protective measures to reduce exposure. Therefore, the restrictions for that area are stricter than those for area of occupational exposure. The most efficient way for reliable operation of the devices in high voltage substation is the calculation and measurement of low frequency electromagnetic fields in the substation, together with appropriate measurement procedure. Contemporary research of electromagnetic fields is based on the concept that complex theoretical research results in appropriate design solution, and developes almost exclusively as applied research. Generally, there are two directions; the first one based on calculation model development, and the second one based on models of objectivized physical measurements in hard conditions. In both cases, the goal is the same and can be summarized as follows: create the optimal variant of the electromagnetic fields calculation, in both the existing and in new substations. Research of the way of calculation, for low frequency electromagnetic fields area (Extra Low Frequency), in stationary regimes in distribution substations in urban areas, is performing in order to obtain the level of electric and magnetic field in the areas where primary power and secondary electronic equipment is located and where the temporarily or permanently stay people within one segment of the regulations of protection against electromagnetic fields. Pragmatically, it can be concluded that power equipment causes electromagnetic effects, and electronic equipment is subject to the activity of these influences. Routes of transmission of these influences, in such complex facility, are possible through conductors, inductive and capacitive links and radiation. The specific characteristics of electromagnetic field sources in power systems are: field intensity, frequency, waveform ( content of harmonics ), polarization, spatial and time variation of the field. The main sources of influence for this research are induced voltages, as consequence of variable electric, magnetic and electromagnetic fields. In the low frequency area (wavelength 6000 (km) at frequency 50 (Hz) ) the irradiation is happening exclusively in closer zone, in which does not worth mutual perpendicularity of electric and magnetic field in the direction of wave propagation, constant ratio of amplitudes of the electric and magnetic field and dependence of the electric and magnetic field amplitudes of the distance from the source by the law 1/r, and power density by the law 1/r 2 . Low frequency electric and magnetic fields can be observed separately, because at these frequencies the shifted currents are negligible. Mathematical models and numerical solving, as well as the method of experimental measurements of low frequency electric and magnetic fields of power facilities are presented in this research. Calculation and measurement of low frequency electric and magnetic fields, as well as their interconnection, are the main problems in electricity transmission and distribution, in terms of standardized electromagnetic compatibility and human exposure to non-ionizing electromagnetic radiation. For solving the electromagnetic influences with complex geometry in the low frequency area, the system of Maxwell's equations that fully describe the electromagnetic field is used. Maxwell's equations can be analytically solved only for a narrow class of one-dimensional problems of static and quasistatic fields. Each two-dimensional (2D) and three-dimensional (3D) geometric arrangement requires the application of numerical methods for solving of the field by using some of the famous software packages (for example MAXWELL 3D, EFC-400, FLUX 3D, MATLAB...) and other appropriate tools necessary for successful implementation of the research, and for which is necessary to make a detailed mathematical models of transformer stations with all geometrical and electrical parameters. For 3D distribution calculation of low frequency electric field the charge simulation method is applied (CSM-Charge Simulation Method) as well as the source element method (SEM-Source Element Method) that is usually considered as a special variant of the indirect boundary element method (IBEM-Indirect Boundary Element Method). For 3D distribution calculation of low frequency magnetic field, inside and around the transformer stations, a procedure based on the application of BiotSavart's law for magnetic flux density of straight streamline of finite length and a principle of superposition is used. Based on the analysis of theoretical calculation, a detailed operational measurement program that includes all measurements in steady state with measurement location is shown. The measurement have to be conducted in accordance with the norm HRN IEC 61786-2001 -Measurement of low frequency magnetic and electric field with regard to exposure of human beinges-Spacial requirements for instrumants and quidance for measurements and the instructions given in the European recommendations ENV 50166 (People exposure to the electromagnetic radiation on low frequencies). For measurement methods under stationary conditions a modern measuring equipment (EFA-300 Field Analyzers) was used, which find application in researches and environmental studies for assessment of electric and magnetic fields in transmission and distribution power networks and facilities with belonging equipment. It is made to provide a sophisticated tool for precise researches of power low frequency influences for the engineers, experts in the field of health care, work protection and other profiles. Selection of the measurement points was made on the basis of the field intensity assessment, respectively the measurement is performed in places where the greatest intensity of electric and magnetic field was expected. The analysis of measurement results and their comparison with numerical calculations indicated the places in which the standards for people protection from electromagnetic fields are disturbed and gave suggestions for elimination of electromagnetic influences and their reduction to acceptable level. Confirmed satisfactory accuracy of the results obtained by calculations in comparation to the results of experimental measurements indicates the validity for introducing and developing a calculations for such practical problems related to design and reconstruction of substations, which is extremely important from an economic point of view, since, in this way, the demands for expensive experimental measurements and reparations are reduced. Presented mathematical models, calculation, measurement and visual 3D distribution of electric and magnetic field is a realistic assumption for research of interactions between electromagnetic fields and human bodies on the macroscopic and static level, with finding the certain optimization criteria in order to develop a new technology and process solutions and design methods. The research results are important from the scientific point of view but also they are important because of possibility for their practical application.
Background theory of models
Low frequency electromagnetic field around the substations is quasistatic. It has a conservative component of the electric field caused by charges and eddy component of the magnetic field caused by currents. The calculation of electric and magnetic fields at the points located far from the source (charges and currents) is obtained with thin-wired approximation and by representation of conductors with linear segments with current distribution calculation, and based on that, in the selected point of the space located in the air or in any ground layer the calculation of potentials is also obtained. The potentials and electromagnetic fields are firstly expressed in the form of components of the vector potentials, as a functions of the current in each segment of conductors network. The currents in the conductors segments are determined based on the voltage drop between a pair of network points, based on their own impedance. The ground influence on the conductor potential was taken into account by using a method of mirrors. The phasor of the electric potential at some point in the space is obtained by applying the superposition theorem, as a finite sum of potentials of elementary, time-varying charges on the surface of the conductor. The total value is represented as the integral of electrical potentials caused by charges density, which is located in the point given by a positional vector that is located on all thinwired parts, including original conductors and their images, respecting land-air discontinuity, and given by the following integral equation:
It is necessary to discretize the equation by discretizing the field of the source with unknown distribution, for example, density of line charge by using appropriate combination www.intechopen.com
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of N linear, independent fundamental functions. Then, the discretization of conductor length on N segments and the discretization of observed points will be connected. We obtain the conductor division into segments of finite lengths and approximate the unknown distribution of the field with appropriate number of fundamental functions by following expression:
where: ρ j ' is a fundamental function on segment j of the original conductor and ρ j '' a fundamental function on segment j of the conductor in the mirror. Selected constant a j ' = 1 in the segment j is valid for that segment, while in other segments is 0. In that case, the potential equation can be represented as:
In order to solve the expression, N observed points which are corresponding to energized conductors are selected in the space of known potential. It establishes a system of N equations with N unknown values, which is defined in the matrix form as:
where the elements M i,j of matrix system [M] represent the potential of the observed point i, located on the conductor surface with current density ρ j . Gauss-Seidel's method is used for solving this matrix equation. When the approximation of current density on the conductors is obtained, the vector-phasor of conservative component of the electric field intensity, at the observed point with position vector r, can be determined by using the equation:
In the 3D calculation, the vector of the electric field is in each point elliptically polarized, i.e. the peak of the vector E describes an ellipse in time. Each of three components have a different size and phase shift:
The vector of the electric field is elliptically polarized and rotates in time. The effective value (RMS) of the absolute value of the electric field is used for the electric field presentation according to:
Generally, the size of the magnetic field or magnetic flux density can be decomposed into three components that are perpendicular to each other in the space. Each of these components is time-dependent:
The largest number of magnetic fields, around power facilities, are generated by basic harmonic with dominant frequency of 50 Hz, and have a negligible contribution of higher harmonics. The components are time-dependent by sinus dependence:
B t = √2B sin ωt + φ ı +√2B sin ωt + φ ȷ + √2B sin ωt + φ k
The effective value of magnetic flux density is expressed mathematically:
where are: t -time variable T -period of time change B x , B y , B z -effective values of time-variable orthogonal components B
The absolute value of magnetic field intensity is determined by the equation:
where are: I -electric current intensity through conductor r -distance from the conductor Three-phase AC system of 50 Hz generates elliptically polarized fields. The field vector rotates around a fixed ellipse whose radiuses of semi-axis represent the peak values. In the case of different frequencies existence, contribution to the field of individual segments are added together and integrated in time. The degree of polarization is defined by the ratio of the magnetic flux densities values between the, so-called, minor and major ellipse:
This axial ratio can take values between 0 (the magnetic field is linearly polarized) and 1 (the magnetic field is circularly polarized). For a particular value of frequency (50 Hz), the effective value of the magnetic induction can also be determined by the effective values of the magnetic flux density components along the two axis of the polarized magnetic field:
Calculation of magnetic flux density distribution is performed based on the application of Biot-Savart's law for the induction of straight streamline of finite length and the law of superposition. Magnetic flux density at any point in the space can be calculated by superposition of contributions of each conductor in which current flows. The spatial position of conductor segments, their currents and phase angles represent the input sizes for the calculation of magnetic flux density at the desired points in the space. The direction of magnetic flux density vector is determined by the unit vector in cylindrical coordinate system related to the observed segment. As the position of segments is different in the space and so the directions of the induction vectors, it is necessary to decompose a vector of magnetic flux density to the components in the direction of each coordinate axis of the www.intechopen.com
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global system that is not tied to a particular segment. The direction of magnetic flux density vector is perpendicular to the boundary plane and defined as:
Sizes dB and I are generally time-dependent and are transformed into complex values for easier calculation. Suppose that the i-th segment of length l is located at the origin of the coordinate system, parallel to the x-axis, its contribution to the field at point P (x, y, z) is:
Vector components are:
This method divides each condustor into segments whose number is determined in advance. When working with computer programs for the electric and magnetic fields calculating, the number of segments is determined by the user. If the conductors have overhangs (for example transmission lines), the programs usually simulate this situation with equivalent parable. Sufficiently high accuracy is usually achieved by selecting 10 -20 segments. For verification, the number of segments can be increased so the accuracy of that calculation is higher than in cases with 2, 3 or 4 segments. The difference between the actual situation and model depends on the division of conductors to a finite number of segments. When calculating the field intensity, the coordinates of the considered point are transforming to the local coordinate system of a given segment. The calculation gives the contribution of a given segment to the field that is transforming back to the original coordinate system. Vector sum of field contributions gives the total amount of magnetic flux density vector, which is caused by currents of N segments and obtained by adding the contributions of all segments:
where B x,i (t), B y,i (t) and B z,i (t) are the components of magnetic flux density of i-th segment.
For magnetic field presentation the effective value (RMS) of magnetic field density is used, according to:
B = B t + B t + B t dt (18)
www.intechopen.com The space between clamps for fixing the cable is 600 (mm) maximum. Cables are at a distance of 1.00 (m), wrapped with plastic tapes and make a bundle,  the connecting line between the LV side of transformer and LV distribution field that is derived from single-core cables, insulated with PVC which is resistant to temperatures up to 378.15 K/105 ºC, rated voltage up to 1 (kV), unit designation of cable for phase conductors is 3x(2 x P/MT1 x 240mm2 1 kV) and for the neutral conductor 1x(P/MT1 x 240mm 2 1 kV).
Since the main electrical equipment (MV and LV switchgears) is tested and certified in accordance with the applicable IEC standards (IEC439 for LV switchgears and IEC298 for MV switchgears), and considering that power transformer satisfies the requirements of standard IEC76, it can be concluded that listed technical parameters are consequently verified. Calculations of the magnetic and electric field were carried out by using a computer program EFC-400LF according to DIN VDE0848-1, which allows the simulation in 3D space. The corresponding MV 12 (kV) distribution switchgear is modeled with a maximum load current I ' m of 36.4 (A) at rated voltage of transformer secondary 0.4 (kV) and the maximum load current I ' m of 909 (A). The load value of 909 (A) rarely occurs, but the calculations are carried out for the worst case scenario, so on the basis of this case the other cases can be determined as cases that meet safety standards. It follows that the maximum current load of the LV side of transformer stations is evenly divided into four outputs, 227 (A) each. Significant sources of electric field in transformer station are MV and LV buses and MV outlets of power transformer, while the MV and LV circuit equipment is surrounded by grounded housings, shields or cable screens and is a negligible source of the electric field due to its complete obscurance. Calculation of the electric field was performed inside and outside the substation, with negligence of substation housing, due to the additional increase in safety with regard to the protection rules for electromagnetic fields. 2D and 3D views of the substation disposition in EFC-400LF are shown in Fig. 1 , where the difference between reality and model depends of redistribution of conductors to a finite number of segments. Redistribution of substation conductors was performed on 635 segments, on resolution size dx = dy = dz = 0.10 (m). EFC-400LF program is able to solve a set of differential equations for the matrix with 16000 x 16000 elements (Methods: LU-decomposition or conjugate gradient). For given example calculation was done with a 261 x 261 matrix elements, which gives the values of electric and magnetic fields in the 68.121 points of the observed plane, surface 169 (m 2 ), with the resolution size dx = dy = dz = 0.05 (m) and matrix of 261 x 101 elements, which gives values of electric and magnetic fields in the 26.361 points of the observed plane, surface 65 (m 2 ), the resolution size dx = dy = dz = 0.05 (m). Visual view of the obtained results of magnetic flux density and electric field intensity was made in the computer program "Matlab", using "Runal.B" and "Runal.E" while subroutines "Crtajgraf.B" and "Crtajgraf.E" serve to open, load and display the results of calculations of magnetic flux density and electric field intensity. 32.161 (μT) to 2.246 (μT). Respecting the fact that magnetic flux density is proportional to the load force, and taking into account the usual loads of transformer station in normal operation of approximately 50 % of rated power, the maximum amount of magnetic flux density will not exceed the prescribed limit for the area of increased sensitivity. 2D and 3D distribution of magnetic flux density in the continuous distribution is given in Fig. 3 unlikely that people will stay longer in this area. The values of the electric field are less than the maximum allowed according to ICNIRP.
Measurements of low frequency magnetic and electric fields of transformer station
Calculations of the values of low frequency electric and magnetic fields in electric power networks and facilities are usually limited by configurations, for which a fields sources can be quite simplified. Generally, when calculating, observing of all relevant emissions of individual supplements is carried out to be able to estimate their contribution to the resulting field. To calculate the electric field of electric power networks the voltage must be known, while magnetic fields are defined by currents. The phase voltage is generally constant, but the phase currents can vary within a wide area, depending of the load. Modern computer programs can calculate the distribution of the field of very complex power systems, and there is a need for confirmation of the results by measurements.When measuring the magnetic and electric fields it is necessary that the source of electromagnetic radiation and its environment in which measurements take place be precisely defined. The source of the field is each conductor flowed by current. Extremely dangerous are the sources which have winding conductors flowed by current (inductors, transformers). Shielding of such devices in ferromagnetic materials significantly reduces the field in their vicinity. The magnetic field can easily penetrate into buildings from external sources and therefore is considered as more dangerous than the electric field, which is usually attenuated by the first physical obstacle. Selection of points where the measurement will take place should be made based on assessment of the field intensity, or in the way that measuring have to be done in places where the largest values of electric and magnetic fields are expected. Measurement is necessary to be done in accordance with the regulations of the HRN IEC 61786-2001 -Measurement of low-frequency magnetic and electric field with regard to exposure of human beinges -Spacial requirements for instrumants and quidance for measurements and the instructions given in ENV 50166 European recommendations (People exposure to electromagnetic radiation on the low frequencies). For measuring the magnetic and electric fields intensity a digital measuring instrument EFA-300 is used, which finds application in researches and environmental studies for assessment of the electric and magnetic fields of electric power transmission and distribution networks and facilities with appropriate equipment and devices. It is designed to provide a sophisticated tool for precise studies of low-frequency energy impacts for engineers, experts in the field of health, safety and other profiles. The best choice to measure the fields that have one frequency component is the broadband mode. Broadband measurement in the range from 5 (Hz) to 32 (kHz) is performing by using the built-in isotropic probes. In the broadband mode, large display allows simultaneous viewing of measurement results and frequencies. There is a possibility of adding option, so-called "plug-in" which will extend the measurements possibilities. Smaller, "sniffer" probe, has a radius of 3 (cm) while a larger, more sensitive probe, has a surface of 100 (cm 2 ). The user selects between the measurement of the effective or peak value in dynamic range from 1 (nT) to 31.6 (mT) for magnetic fields and from 1 (V/m) to 100 (kV/m) for electric fields.
The construction of the instrument can cause the error in measuring in a number of ways:
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 measuring probe and a source of electromagnetic field can be capacitively coupled, which causes the increased values of the field on the instrument up to 100 times higher than the actual values. Such phenomenon can be caused by the parasitic capacitance between the mass of the instrument and the Earth,  problem of instrument frequency band. It happens that instrument is sensitive outside of the nominal frequency area or even has a higher sensitivity. Then the signal, which is not expected, because it is outside the measurement range, creates the appearance of large values of the measuring field,  dispersion phenomena that occurs on the surface of the irradiated object. Due to the reflection of the secondary radiation caused by the induced currents, on the uneven surfaces of the irradiated object field is deformed. The problem is particularly expressed in the electric field due to perturbations in the vicinity of any conductive object, including humans. Be sure to measure the electric field using dielectric tripods and probes holders. During measuring of the magnetic field the problem is less expressed, because the field perturbation occurs only in the vicinity of ferromagnetic materials, and the presence of people in the measuring field (metrologist) has no effect on his perturbation.
Uncertainty in measuring of the electric and magnetic field intensity with these instruments is complex measuring. Uncertainty consists of two components: When assessing the overall uncertainty, some partial uncertainties are taken for the range at which the measurement was made, and the total measurement uncertainty is expressed by the equation:
U= u + u
Measuring results of magnetic and electric field (KBTS 10(20)/0.4 kV, 630 kVA )
During the measurement preparations, based on project documentation according to which the subject substation is constructed (KBTS 10(20)/0.4 kV, 630 kVA), a total number of 36 measuring points was selected, outside the substation, where the maximum level of electric and magnetic field was expected, as well as 7 measurement points inside the substation. At distances 0.50 (m), 1.00 (m) and 1.50 (m), outside the walls of substation, and heights 1.75 (m), 1.50 (m) and 1.00 (m) above the ground level, corresponding to the head, chest and lower human extremities, a 108 measurement points were located. Inside the substation, a measurement points were chosen in the vicinity of MV and LV switchgears, transformer and transformer outlets, as well as in the vicinity of the implemented cable connections to the MV and LV buses (Fig. 14) .
Fig. 14. Measurement points of electric and magnetic field outside and inside the substation
Measurement area was related to occupational exposure area and an area of increased sensitivity. The measurement was performed from 14:05 AM to 16:25 PM, at a temperature 20.9°C and relative humidity 28.4 % in the substation, and air temperature 22ºC and relative humidity 27 % outside the building, with constant substation load. After locating the measurement points, measuring instrument EFA-300 Field Analyzers has been checked, climatic conditions were collected, and measurements and analysis of the magnetic and electric fields were performed in the substation that is connected to 50/60 Hz power transmission system and distribution network with devices that use such an energy ( If we want to make a comparison of calculation results and measurements we will note certain differences. By calculation a distribution of magnetic and electric fields is obtained in the XY, XZ, YZ planes of the substation, while measuring only give distribution of magnetic and electric fields in XY plane at a height 1.75 (m), 1.50 (m) and 1.00 (m) from the ground level. From above, follows the importance of calculation for determining the levels of emitted magnetic and electric fields, caused by the substation. It is also important to notice the importance of projection of diagram parts that connects the points at which the magnetic flux density or electric field intensity are approximated. In this way, this ensures that in any case, human bodies will not lead to a situation that they are exposed to the values of magnetic and electric fields that exceed the limits prescribed by the Regulations on Non-Ionising Radiation. In addition, it is interesting to observe where can be terminate the consideration of substation as a significant source of magnetic and electric fields, because this releases substation from the prescribed periodic measurements. From a comparison the problem that appears in the measurement of magnetic and electric fields of the substation can be noted. By measuring, the value of magnetic and electric field can be obtained only at a certain height. But, for a precise view, the field should be measured at a different heights, and only then a data that would be relevant to determine the nature and level of magnetic and electric fields will be obtained. In addition, there is a problem with number of suitable places at which measuring can be done. Number of places is limited because sometimes the field conditions greatly complicate the implementation of measurement. Beside, the measurement of magnetic field is performed under certain substations load, which changes according to the daily and annual load diagram, so that comes into play only measuring of the electric field that is mostly constant. In Tables 1 to 4 From the diagrams it is evident that the values of magnetic flux density obtained by calculation appropriately follow changes in the measured values. The presented calculation gives the percentage error between measured and calculated values for some measuring points, and which ranges from 4.32 % to 7.25 % outside, or from 6.18 % to 7.97 % inside the substation. From a diagrams it is evident that the value of electric field intensity obtained by calculation appropriately follow changes in the measured values. The presented calculation gives the percentage error between measured and calculated values for some measuring points outside the substation, which ranges from -11.11 % to 9.68 % and 7.81 % inside the substation.
The calculation results give a satisfactory coincidence with the results of experimental measurements, indicating the validity of implementing and developing such a calculations for practical purposes related to the design and reconstruction of existing substations. From the economic point of view, it is possible to achieve significant savings because an expensive experimental measurements and repairs can be reduced. For evaluation the field distribution both procedures are necessary, as they supplemented each other and thus allow a safe assessment of fields sizes. Interestingly, the maximum value of magnetic flux density is calculated and measured at a height z = 1.00 (m), the area of human hips, so this height is imposed as a referece regarding the allowable sizes of exposure to the non-ionizing radiation of electromagnetic fields. When measuring the values of the magnetic field density around the substation, some differences in values measured at different transformer station walls were detected. The reason for this is the way of placement of the main sources of magnetic field inside the substation which are the MV and LV transformer outlets and LV distribution outlets. 
Conclusion
Calculation and measurement of LV electric and magnetic fields and their interconnectivity are the main problems in transmission and distribution of power energy in terms of standardized electromagnetic compatibility and human exposure to non-ionizing electromagnetic radiation. Solving of these problems is reduced to solving nonlinear differential equations by modeling and application of numerical methods and experimental measurements of low-frequency electric and magnetic fields. The research presents the application of mathematical models and charge simulation method (CSM) for calculating of low-frequency electric field distribution, while the calculation of magnetic flux density distribution inside and around the substation, which indicates the level of low-frequency magnetic field, is performed by the procedure based on the application of Biot-Savart's law for the induction of straight stream line of finite length. The original scientific contribution of this research is determining the 3D distribution of low-frequency electric and magnetic fields, their interaction under conditions of complex geometry and standardized substation electromagnetic compatibility (EMC) in the area of biological effects of electromagnetic fields. Obtained 3D models represent very complex functional dependence of electric and magnetic fields distribution, as the basis for the objectified physical measurements to develop an optimal variants for solving electromagnetic compatibility (EMC) in existing and new power facilities. Satisfactory accuracy of the results obtained by calculations with the results of experimental measurements of EFA-300 Field Analyzers instrument is confirmed, which indicate validity of implementation and development of such calculations for the executable solutions of transformer stations. From an economic point of view this method of calculation could reduce the need for expensive experimental measurements and repairs of power plants, providing confirmation that complicated theoretical researches resulting in appropriate executable solutions. Presented mathematical models, calculation, measurement and visual 3D distribution of electric and magnetic fields represent a realistic assumption for the study of interactions between electromagnetic fields and human bodies at the macroscopic and static level, with finding of certain optimization criterias, in order to create a new technological, process solutions and design methods. The research results are important both from the scientific point of view and from the standpoint of possibilities for practical applications.
